while it was found to vary in intensity in the gluteus maximus, in different patients. It is possible that the difference in thickness of the fat layer in the buttocks is responsible for the variable recording from the gluteus maximus.
During the act of rising, there was vigorous activity in quadriceps and, once the erect position was attained, also in the hamstrings. In the erect position, the activity in the quadriceps tended to decrease, while the hamstrings remained active all the time. In Cases I and II, there was a tendency for clonus to develop, usually starting in the hamstrings and spreading to the quadriceps. This also happened occasionally after relaxing. On the other hand, in Case III, once the erect position was attained, the pattern of activity in the hamstrings was found more similar to that of these muscles in the normal controls. This more co-ordinated reflex response in these two cases is an interesting finding, as it may prove, if confirmed on a greater material, to what extent of co-ordinated function the isolated cord in the spinal man may be trained.
- (1953) In: Medical History of the Second World War: Surgery (Editor: Sir Zachary Cope). H.M.S.O., London; p. 435. Surgical Aspects in the Treatment of Pressure Sores Stoke Mandeville Hospital, Aylesbury, Bucks THE purpose of this paper is to describe briefly a few points of surgical interest, which in our experience have proved to be of particular importance in the treatment of pressure sores in paraplegic patients.
Any pressure sore can be healed by conservative methods including, where necessary, excision of necrosed tissues, and in practice the great majority of sores treated at this centre are healed by such methods. However, we have found that there are two main indications for surgical repair:
(I) Repeated breakdown of a healed scar.-This is, perhaps, the more common and may arise soon after the patient first gets out of bed and make his return to a useful life impossible. On the other hand quite often adherent scars, as a result of healed sores over sacrum, ischii and trochanters give no trouble for several years.
(2) To shorten the period of healing.-This is especially applicable (a) in sinus sores occurring as a rule over the ischial or trochanteric regions where a small skin defect leads into a large cavity in the deep tissues and (b) in extensive superficial sores. In the latter type we have found that seed grafts buried in the granulation tissues, as recommended by Bors and Commar (1948) of California, form the most satisfactory method of promoting rapid healing. TiME OF OPERATION An important point is the correct timing of the operation. In our experience poor results are common when reparative surgery is carried out within a few weeks of acute local infection, in the presence of several sores or where the patient's general condition is not satisfactory. For this reason and also because of the increased tendency to vasomotor upsets following operation at an early stage we have found it best to postpone surgery until the patient is really fit. We have also found it especially important to exclude any infection with hlemolytic streptococcus, Staph. pyogenes, Ps. pyocyaneas, and Proteus.
LOCAL PREPARATIONS Many paraplegics, especially those who have been submitted to prolonged pressure by recumbency in plaster casts or particularly plaster beds, develop a curious and often very marked loss of elasticity in the tissues around a scar and in these cases pre-operative treatment by grease massage is of the greatest value in facilitating closure of the wound.
One other point in the pre-operative preparation concerns the positioning of the patient. In most cases the post-operative period will be spent partly or entirely in the prone position and where necessary, especially in a spastic case, it is an advantage to accustom the patient to the position during the days before operation. TECHNIQUE It has been our experience that three points of surgical technique are of particular importance in paraplegic patients. The first concerns local preparation. Unfortunately many cases have required prolonged treatment with a large number of medicaments and some have developed an allergy to one or more of the drugs used, common examples being the flavine group, antibiotics and iodine. Whilst the usual type of reaction is mainly a local one with mild general features, much more serious and indeed often alarming generalized reactions do occur particularly in high lesions. Such reactions include giant cedema, tachycardia, cyanosis and collapse and care is, therefore, necessary in the selection of local applications.
Another point which we have found to be of the greatest importance is the necessity for meticulous hemostasis. Many patients tend to continue oozing or bleeding for several days after operation and unless hemostasis is very thorough indeed, hematoma formation may render a repair unsuccessful.
In this connexion we have found that paraplegics are susceptible to post-operative anamia even where the blood loss on the table has been very moderate and consequently we give blood transfusions either during or after any of the more extensive operations. We have found no contra-indication to electrocoagulation as a method of hemostasis.
The third point concerns the type of suture material. We have found that catgut is particularly unsuitable for the majority of cases in whom both plain and chromic catgut continued to be discharged with the formation of stitch abscesses for weeks and even months after operation. Silk and thread sutures were a little more satisfactory but these again frequently caused the same trouble as catgut. Stainless steel wire has proved most satisfactory and we now use it routinely in all operations, with an occasional thread tie for larger vessels in inaccessible positions.
The sores and scars which most often require surgical repair are those over the tuber ischium, the femoral trochanter and the sacrum in that order of frequency.
SINUS SORES I would like now to discuss in some detail what we have found to be one of the most common and the most dangerous of pressure sores-the so-called sinus sore.
This variety occurs most often over the ischial tuberosity and the femoral trochanter and the visible skin lesion is as a rule small and innocent in appearance. This is liable to mislead the inexperienced into overlooking the progressive destruction which occurs in the deeper tissues of the underlying cavity.
In sores over the tuber ischium whether sinus type or larger the infection spreads first to the underlying tuberosity and ischio-pubic ramus (Fig. 1, A that a complete segment of the ramus has been destroyed. From the bon-further extension often occurs in one of three directions. (a) Along the ischium to the hip-joint perhaps to produce a septic arthritis. We have admitted several cases with extensive joint destruction following such sores (Fig. 2) . (c) Forwards into the region of the groin. This last direction of spread appears to be associated with prolonged continuous nursing in the prone position.
Over the great trochanter many of the lesions are of the sinus sore type and frequently the whole outer surface of the trochanter forms one wall of the cavity. X-ray examination following lipiodol injection has proved invaluable for the accurate diagnosis of the extent and diirection of the sore. Our experience of such sores led us to practise very thorough excision during their repair, but the dissection was usually difficult and tedious and quite frequently accidental openings were made into the cavity. I have found it a great advantage to adopt the method introduced and described by Dr. Guttmann as pseudo-tumour technique (1950) . This consists of tightly packing the relatively large and often branching cavity with narrow ribbon gauze soaked in a brightly coloured antiseptic. The narrow skin sinus is then closed with one or two sutures and through an elliptical incision the whole mass is dissected out of the surrounding healthy tissues like a tumour. The dissection is thus made much easier, contamination of the operation field is avoided, and if one does approach the inner part of the wall the yellow colour of the flavine usually gives warning before actual penetration of the cavity has occurred.
The X-ray appearance of the bone, particularly in ischial and trochanteric sores can be very misleading. It has been our experience that the results are much better when a substantial part of the underlying bone is removed.
In the ischial sores it is not unusual to excise a large part of the tuberosity together with almost the whole ischio-pubic ramus en bloc with the scar tissue. Where a good deal of the deep tissues has been removed and especially in thin patients it is an advantage to swing a flap of gluteus maximus downwards and inwards over the tuber ischium to fill up dead space and also to provide a cushion between the bone and the overlying skin.
Calcification of adjacent soft tissues particularly muscles is a common finding in both ischial and trochanteric sores and as it occasionally progresses to a point where mechanical interference with joint movement results, I usually remove such calcified tissues if they present during operation. TROCHANTERIC In the trochanteric area closure of the wound after excision of a large sore can be difficult, particularly if the shape and size of the scar did not permit the incision to run obliquely downwards and forwards. Removal of the greater part of the trochanter gets rid of prominent and possibly potentially infected bone and also facilitates closure.
There is usually a large defect in the deep tissues and not uncommonly only skin and superficial tissues can be approximated often after "easing" both ends of the incision to give an S-shaped suture line. However, in our experience the results of such a closure are satisfactory although occasionally a short course of grease massage, given several weeks after operation is required to mobilize an adherent scar.
I must confess to frequently offending against one of the rules of plastic surgery by closing wounds under a good deal of tension but I have found the results, perhaps surprisingly, are satisfactory and certainly preferable to leaving a defect to be filled by some form of free graft. It is, however, of the utmost importance to put in several layers of deep sutures including a line of fine wire sutures immediately under the skin. This is particularly necessary in spastic cases where the suture line will be subjected to repeated strains throughout the period of healing. Also, firm healing is sometimes delayed so that the scar line, apparently sound, tends to part as late as two or three weeks after operation. The subcutaneous sutures help to prevent this.
POST-OPERATIVE CARE
We have found that careful supervision of the post-operative treatment is of the utmost importance.
Following repair of ischial and trochanteric sores we do not permit flexion of the hip for three weeks, after which time passive flexion is gradually increased to a right angle and only then' is the patient allowed out of bed, as a rule four to five weeks after operation. At this stage, regardless of how satisfactory the repair has been, it is essential to explain to the patient the dangers of prolonged pressure and to make him sore-conscious.
of the risks incurred in surgery on paralysed limbs. Their precarious blood supply ruled out the use of a tourniquet during the operation, and of plaster-casts and skeletal traction afterwards. Hemostasis had to rely on diathermy alone, since neither catgut, silk nor bone-wax are well tolerated by devitalized tissue. Bleeding is both profuse and diffuse in such tissue, but has to be controlled, since a hmematoma of any size means recalcification and failure of the arthroplasty. The patients had vulnerable scars from old sores both over the sacrum and near the ankylosed joints. They had to be turned two-hourly during the weeks after the operation. But only light, thickly padded splints and 4 lb. of skin-traction could be relied on for keeping the leg in alignment. Both splints and traction had to be removed daily, the skin examined and splint and traction replaced, if new pressure sores were to be avoided.
In our first patient no aneesthetic was needed. In the other two, reconstruction of the joint required long general anesthetics which are tolerated only if given by an expert. Case I.-A 36-year-old miner suffered a fracture-dislocation and complete transverse cord-lesion below T.12 with flaccid paraplegia in 1944.
He was treated locally in a plaster-bed extending from shoulders to ankles, for four years and three months. On admission here in 1950 he had a severe urinary infection, fibrous ankyloses of the hips and knees, synostoses of the patelle with the femur and bony ankyloses of the ankles.
Tissue-paper scars from pressure sores covered sacrum, trochanters, patelle, condyles of femur and tibia, the subcutaneous surfaces of the tibie and the ankles. Both knees were fixed in hyperextension (Fig. 1A, B ).
At operation it was difficult to find a stretch of skin through which to make the incision. Excision of the patella would have led to a large skin-defect in front of the joint.
A superficial slice of the knee-cap was therefore left attached to the scar in the overlying skin. The synostosis was excised. The patellar ligament was detached from the tuberosity and slung between the raw surfaces of the patellar remnant and the front of the femur ( Fig. 2A, B) .
On the left side broad calcifications fixed the gliding part of the collateral ligament to the lateral condyles. Only after they were removed, could a flexion range of 50 degrees be obtained. Further flexion was on both sides prevented by adherent scars. Since physiotherapy had mobilized the hips to 70 degrees and 90 degrees flexion respectively, the patient could now sit in a chair, with his feet resting on the foot-rest.
When seen three years after the operation, flexion in both knees was reduced, on the left owing to partial recalcification, but he still claimed that he was much more comfortable and still reached the foot-rest.
